Abstract: Osteoarthritis (OA) of the knee is one of the most common causes of painful loss of mobility in middle and elderly aged population. OA is the main indication for knee joint replacement surgery. Unicompartmental knee replacement (UKR) is beneficial procedure for patient with degenerative OA which is limited in medial or lateral compartment providing reliable pain relief, improving function with significantly less morbidity and mortality as compared to total knee replacement. This editorial provides an overview of UKR, its relevance for Indian population, synopsis of results and future prospects. Abstract: Osteoarthritis (OA) of the knee is one of the most common causes of painful loss of mobility in middle and elderly aged population. OA is the main indication for knee joint replacement surgery. Unicompartmental knee replacement (UKR) is beneficial procedure for patient with degenerative OA which is limited in medial or lateral compartment providing reliable pain relief, improving function with significantly less morbidity and mortality as compared to total knee replacement. This editorial provides an overview of UKR, its relevance for Indian population, synopsis of results and future prospects.
Introduction
Osteoarthritis (OA) of the knee is one of the most common causes of painful loss of mobility in middle and elderly aged population. OA is the main indication for knee joint replacement surgery. Unicompartmental knee replacement (UKR) is beneficial procedure for patient with degenerative OA which is limited in medial or lateral compartment providing reliable pain relief, improving function with significantly less morbidity and mortality as compared to total knee replacement (TKR). This editorial provides an overview of UKR, its relevance for Indian population, synopsis of results and future prospects.
History of UKR
The concept of UKR first dates back to Campbell who reported his preliminary results on the interposition of vitallium plates in the medial compartment of arthritic knees in 1940 which was to prevent direct bone-to-bone contact to relieve the pain The first modern design which had cemented polycentric metal femoral condyle articulating on flat polyethylene tibial components were St Georg (1969) and Marmor (1972) 4 . The problem with first generation modern UKR was distortion of the polyethylene followed by loosening 5 . It led to the introduction of metal-backed tibial implants rather than all-polyethylene components. However, this meant that the thickness of the polyethylene was reduced and this contributed to problems associated with excessive wear due to the high contact stresses.
Oxford UKR (Zimmer Biomet, Bridgend, UK) was developed in 1970 s and was the first fully congruent mobile spacer with spherical concave femoral and flat and keeled tibial components 7 . This concept is to make both interfaces be congruent throughout the range of knee movement to minimize polyethylene wear and reduce contact stresses between bone-implant interface without constraint. These features of Oxford UKR phase 1 have remained unchanged up to present day. On the basis of clinical observation, good results were achieved when the anterior cruciate ligament (ACL) was intact and the arthritis was located anteromedial part of the tibia and distal part of the femur 8, 9 . In 1987, Oxford UKR phase 2 was introduced along with the mill which allowed incremental bone resection to match the flexion and extension gaps intraoperatively whilst simultaneously shaping the bone to fit the implant. This system could restore not only ligament tension but also knee kinematics thus decreasing insert dislocation. Low level of polyethylene wear was observed after implantation due to the design concept of Oxford UKR and surgical technique to balance the ligament and restore the native tension. These are considered to contribute the postoperative high function and better satisfaction compared to TKR.
In 1998, Oxford UKR phase 3 was introduced and it enabled to be implanted with not an open approach with patellar dislocation but with a minimally invasive approach. Five sizes of femoral components were introduced (instead of just one) and tibial components were made side specific to reduce component overhang. The functional results of cemented phase 3 and recovery were found to be better than those of phase 1 and 2 12 .
In 2004 cementless femoral component with two pegs was introduced to reduce the incidence of physiological radiolucency around the cemented tibial components which although was asymptomatic and harmless, it did contribute to unnecessary revisions.
Randomized controlled trial was conducted and similar clinical outcome (as cemented UKR) but with significant reduction in the incidence of tibial radiolucency was reported 14 . Subsequently a two peg cemented femoral component was introduced and reported to work well 15 .
Indications of UKR
TKR is an effectively treatment for most types of arthritis in which both the tibio-femoral compartments were involved. On the other hand, Oxford medial UKR is indicated for the treatment of anteromedial OA (AMOA) and spontaneous osteonecrosis of the knee 16 . In AMOA, there should be (1) bone-on-bone arthritis in the medial compartment; (2) retained full thickness cartilage in the lateral compartment, best visualized on a valgus stress X-ray; (3) a functionally normal medial collateral ligament; and (4) 19 .
Contraindication of UKR
Kozin and Scott's contraindications for UKR (as outlined above) were based on their experience of fixed bearing UKR. Outcome of patients with and without these potential contraindications in a prospective series of 1000 Oxford UKRs was compared 22 . The outcome was assessed using the Oxford Knee Score (OKS), American Knee Society Score, Tegner activity score, revision rate and survival rate. Clinical outcome of patients with these potential contraindications were similar to or better than those without potential contraindications. The 10-year survival was 97% or those with potential contraindications and 93.6% without these contraindications. This difference maintained at 15 years as well, with implant survival of 94% in those with potential contraindications and 90% without these contraindications.
Based on these and various other observations, the contraindications for Oxford UKR are: inflammatory arthritis, absent or severely damaged ACL, PCL or MCL, partial thickness disease in the medial compartment, presence of a central ulcer in the weight bearing portion of the lateral compartment, bone loss with eburnation and grooving in the lateral part of the PFJ, and previous history of valgus tibial osteotomy.
Clinical results after UKR
The data from joint registries confirms that patients undergoing TKR had lower revision rates, they had higher rates of morbidity and mortality, longer hospital stays and inferior patient reported outcome measures compared with patients undergoing UKR 23 .
Surgeons who perform UKR frequently significantly had lower revision rate and superior patient reported outcomes. Increasing usage of UKR leads to better results.
Surgeons with optimal usage (up to 20% of knee replacements in the surgeon's practice is UKR) achieved revision or reoperation rates similar to matched patients who undergoing TKR up to eight years postoperatively and 10 year survival is reported to be about 95% 24 .
The revision rates of the UKR are reported to be much higher in national registries than in most published studies. Most surgeons perform very small numbers of UKR and the most common number implanted per year is one or two and average is five 25 24 .
Improper patient selection, inadequate surgical usage and/or unnecessary revisions can contribute to high UKR revision rates in the National Joint Registry (NJR Overall EuroQuol score was also better with UKR in four subscales relating to mobility, pain, function and self care 28 .
Various cohort studies of cemented Oxford UKR have demonstrated high levels of function and excellent long-term survival rate can be achieved. In an independent study the 20-year survival was similar to the best TKR. The proposed contraindication for UKR (youth, obesity, activity, PFJ damage, and chndorocalcinosis) did not compromise the outcome. This suggests that if patients have AMOA, these proposed contraindications can be ignored. AMOA is present in about 50% of patients needing knee replacement. There is little evidence as to the optimal usage with the fixed bearing.
However, there is a report that the fixed bearing should not be used with significant PF joint problems 29 .
Complication after UKR
Complication rate after UKR is reported to be lower than that after TKR. Revision surgery after UKR tend to be much easier than that after TKA because latter one needs may be much more invasive to the patients. In the long term, the commonest cause of failure is progression of arthritis in the lateral compartment although incidence is not high.
Infection
The incidence of infection after UKR is about half of that after TKR 
Medial tibial plateau fracture
In the NJR, 0.30 revisions for periprosthetic fracture per 1000 years after UKR are reported 31 . This did not include cases undergoing internal fixation so incidence may be underestimated. Periprosthetic fractures tend to occur in the hands of inexperienced surgeons both with cement and cementless implants. It mainly occurs intraoperatively or around 2-12 weeks after surgery. Weakening of the condyle by removal of its articular surface and subchondral bone plate is probably the main reason for fracture.
This is unavoidable in UKR, so great care should be taken not to add any additional damage to the bones. The most potent case of that fracture is damage to posterior tibial cortex and the cancellous bone when using vertical saw blade that goes deeper than needed. Management of the tibial plateau fracture depends on the stage at which the fracture is diagnosed and the degree of varus deformity. If the fracture is diagnosed at the time of arthroplasty, it should be reduced and internally fixed. After the fixation, UKR can be completed and good result is expected 32 . If the medial fragment is comminuted, it should be fixed using buttress plate.
Dislocation of a mobile bearing
In the NJR, the incidence of the dislocation of a mobile bearing is reported to be 1.2 revisions for dislocation/subluxation per 1000 component years (95% CI 1.05-1.37) for mobile bearing UKR. Most dislocation occur early postoperative periods and incidence of dislocation using phase 3 Oxford UKR is reported 0.73% in a meta-analysis 33 .
Primary dislocation is usually caused by a combination of distraction of the joint and displacement of the bearing due to impingement. They are usually due to surgical error.
Secondary dislocation is the result of loss of entrapment from loosening and subsidence of the metal components. Spontaneous elongation of ligaments does not occur unless there is impingement, when forced flexion or extension may stretch ligaments.
Traumatic dislocation is sometimes encountered when a normally functioning Oxford UKR has been forced into an extreme posture and MCL has been stretched or damaged.
To diagnose the dislocation, radiographs demonstrate the site of the displaced bearing, and may suggest its cause such as osteophytes, retained cement, or displacement of a metal component. The dislocated bearing is most commonly found in the anterior joint space because the anterior rim of the bearing is higher than its posterior rim. Manual reduction under anesthesia succeeds on a few occasions. However, arthrotomy is almost always required to remove the bearing and determine the cause of its displacement.
When the both metal components are fixed to the bones, any bone or cement might impinge on the bearing. After removing these, usually one thicker bearing should be inserted to tighten the ligaments. In case of recurrent dislocation, MCL dysfunction, or serious mid flexion gap, conversion to TKR should be performed because revision of failed UKR to another UKR was reported to results less successful by Australian
Orthopaedic Association National Joint Registry 34 .
Loosening of a fixed component
Loosening 
Pain
Pain can be a problem and often leads to unnecessary revision. Pain can be encountered over the proximal tibia. This type of pain is not unusual in the first six months after surgery and usually settles spontaneously. The incidence is about 2% at one year after surgery 38 . The causes of pain after UKR may be multifactorial. Inappropriate indications or bone overload are the most common causes 39, 40 . Impingement, soft tissue irritation, cementing errors, pes anserinus bursitis or neuroma have been implicated.
Partial thickness cartilage loss (PTCL)
It is generally thought that UKR is best used in young patients with early arthritis.
However, Oxford UKR only should be offered to patients with bone-on-bone arthritis because cadaveric studies have shown that asymptomatic PTCL is common 41 . So if a patient has pain and PTCL, PTCL is not necessarily the cause of pain.
Component overhang
Medial tibial overhang of more than 3mm was associated with pain and poor function that tended to get worse postoperatively. This may be due to soft tissue irritation. The tibial component increases in size parametrically by 2mm so overhang of 2 mm or more can be avoided by selecting the appropriate component size or performing the vertical cut again further laterally. Also anteromedial femoral component overhang may cause pain 42 .
Investigations
Radiographs are the most useful and AP radiographs aligned with the tibial component should be obtained at the first and subsequent follow ups. Physiological radiolucencies must be ignored because they are not source of pain 43 
Treatment of unexplained pain
Early revision because of pain should be avoided because most patients revised for unexplained pain, could not recover from pain. For example, 75% of patients who were revised to TKR and had no mechanical problems identified at surgery had no improvement of symptoms 36 . Patients should be treated conservatively as their pain tends to settle spontaneously. Patients should be informed they are likely to have some pain for three to six months and that there is a small chance that it may take one to two years to fully settle. If patients have pain, they should decrease their level of activity and use a walking clutch. Steroid injection is recommended if the pain is focal.
Limited motion
Knee movements are usually recovered rapidly after surgery. However, occasionally manipulation under anesthesia has been employed if the knee has not recovered 90 0 of knee flexion at six weeks after surgery. In these cases, unlike manipulation of a stiff joint after TKR, there are no adhesions in the suprapatellar pouch and the knee flexes fully when a little force was applied. Extension improves spontaneously after Oxford UKR and rarely lacks more than 3 0 of knee extension at one year after surgery. If a flexion contracture persists, it is usually because osteophytes in the roof of the notch or on the tibia in front of the ACL insertion that have not been resected at the time of surgery.
Implant failure
There are some cases of fractures of Oxford UKR bearing 32, 44 . Fractures often occur with the thinnest (3.5 mm) bearings and is associated with impingement that results in increasing wear. Treatment should be done by replacement with a new bigger bearing and addressing impingement.
Results of revision surgery
The re-revision rate after a UKR to UKR revision is higher than a UKR to TKA revision.
Therefore, UKR to TKR revision is generally recommended. However certain circumstances when a UKR to UKR revision should be considered for example, replacing a bearing for a dislocation; a lateral or medial UKR for disease progression; If there is a severe bone loss due to tibial plateau fracture, infection and deep tibial resection with ligament instability, revision TKA should be performed with stem and augment which increase constraint 45, 46 .
Lateral UKR
Lateral UKR is a relatively rare and said to account for about one eighth of all unicompartmental OA 47 . To identify lateral OA reliably, either a valgus stress radiograph in 45 0 of knee flexion or a Rosenberg view is necessary.
Anatomy and kinematics
The stabilizing effect of the LCL is quite different from MCL. MCL provides stability throughout the knee movement and therefore dislocation of the mobile bearing is rare.
Conversely, LCL is tight only in knee extension and in 90 degrees of knee flexion, 5-10 mm distraction is possible in the lateral compartment 49 . So dislocation of the mobile bearing is a potential problem in mobile bearing lateral UKR.
History and development of lateral Oxford UKR
The results of lateral arthroplasty have been marred by dislocation of the bearing.
So it was recommended not to use mobile bearing into the lateral side but to use fixed bearing.
Indications
Requirement on the indications for successful lateral UKR are: Bone-on-bone OA in the lateral compartment. There should be a full thickness cartilage in the medial compartment and correctable intra-articular deformity. This is best demonstrated by a varus stress radiograph.
Like the medial UKR, age, activity, obesity and chondrocalcinosis would be ignored.
Due to the high dislocation rate of the mobile bearing, using the fixed bearing components is recommended for surgeons. Recently Fixed Lateral Oxford (FLO)
prosthesis is introduced and used with the same instrumentation.
There have been some independent studies of the domed lateral UKR, which have confirmed good results 50, 51 . Use of the modified surgical technique and new design with a domed tibial component appears to reduce the early dislocation rate. However, it is still higher than in the medial compartment. Knees that dislocated tended to be overcorrected compared with those that did not dislocate. To avoid the overcorrection, selecting the bearing thickness that just tightens the ligaments in full extension and the size of the gap between the femoral and tibial components should be minimized 52 .
Dislocations commonly occur medially over the wall of the tibial component. Usually the bearing dislocation is not reduced by manipulation and the bearing should be retrieved under direct vision through old incisions. Care should be taken to identify any potential causes of bearing dislocation such as impingement, component loosening, bow stringing of popliteus or ligament injury. Dislocation is addressed when new thicker bearing is inserted but sometimes occurs.
Indian perspective
Indian patients have high prevalence AMOA and are well suited to receive Oxford UKR provided the indications are correct and surgical technique is optimal. Small components are usually needed and careful attention to prevent posterior tibial blow out is crucial. Patients with tibia vara tend to perform well with Oxford UKR although at present the follow up is up to 10 years.
Careful documentation of surgical findings, close patient follow up and data sharing will help improve outcomes of Oxford UKR in the Indian scenario and it seems that in the past two to three years there is increasing recognition amongst surgeons that indeed UKR does work and Indian patients will benefit with it due to associated reduced morbidity, better function and ability to sit cross legged and squat after Oxford UKR.
